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ABSTRACT 21 
Background and Purpose: The Berg Balance Scale (BBS), the Balance Evaluation Systems Test 22 
(BESTest), the Mini-BESTest and the Brief-BESTest are useful tests to assess balance, however 23 
their psychometric properties have not been studied well in older adults with type 2 diabetes. This 24 
study compared the validity and relative ability of the Berg Balance Scale (BBS), Balance 25 
Evaluation Systems Test (BESTest), Mini-BESTest and Brief-BESTest to identify fall status in 26 
older adults with type 2 diabetes (T2D).  27 
Methods: This study was a cross-sectional design. Sixty-six older adults with T2D (75±7.6 years) 28 
were included and asked to report the number of falls during the previous 12 months and to 29 
complete the Activity-specific Balance Confidence (ABC) Scale. The BBS and the BESTest were 30 
administered, and the Mini-BESTest and Brief-BESTest scores were computed based on the 31 
BESTest performance. Receiver operating characteristics were used to assess the ability of each 32 
balance test to differentiate between participants with and without a history of falls. 33 
Results: The 4 balance tests were able to identify fall status (areas under the curve [AUC]=0.74-34 
0.76), with similar sensitivity (60-67%) and specificity (71-76%).  35 
Conclusions: The 4 balance tests were able to differentiate between older adults with T2D with 36 
and without a history of falls. As BBS and BESTest require longer application time, the Brief-37 
BESTest may be an appropriate choice to use in clinical practice to detect fall risk.  38 
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INTRODUCTION 39 
Over the past 3 decades, the number of people with diabetes has more than doubled.1 The World 40 
Health Organization projects that diabetes will be the 7th leading cause of death in 2030.2 The 41 
disease represents a tremendous current challenge for health care systems and societies. 42 
Diabetes is a chronic disease that occurs either when the pancreas does not produce enough 43 
insulin or when the body cannot effectively use the insulin it produces.3 Type 2 diabetes (T2D) is 44 
the most common type of the disease, representing 90% of patients with diabetes.3 Usually T2D 45 
develops in older adults aged 65 and 75 years old and is related to obesity, lack of physical activity 46 
and unhealthy diets.4 47 
Microvascular complications (e.g., retinopathy, nephropathy and neuropathy) and 48 
increased risk of macrovascular complications (e.g., ischemic heart disease, stroke and 49 
peripheral vascular disease) are characteristic of this chronic health condition.3 Evidence shows 50 
that older adults with over 25 years history of T2D have distal sensory polyneuropathy, with 51 
sensitivity characteristic of diabetic foot, which reduces the ability to control postural reactions 52 
and increase the risk of falling.5 Both T2D and falls are well-known contributors for significant 53 
morbidity, diminished quality of life and reduced life expectancy3 and thus, it is imperative to 54 
assess risk of falling in this population. 55 
To assess balance and identify risk of falling, a number of balance tests have been 56 
developed. However, as pointed out by Duncan et al, to predict falls these tests should be: i) 57 
theoretically grounded in examining the systems controlling balance, ii) accurate in their ability to 58 
predict falls, and iii) feasible and practical for clinical use.6 59 
The Berg Balance Scale (BBS) has been one of the most commonly used tests to identify 60 
balance limitations.7 The BBS has been used to characterize balance in older adults with T2D.8 It 61 
is an inexpensive test, easy to administer (approximately 20 minutes),7 and with the ability to 62 
predict risk of falling in community-dwelling older adults.9 However, the BBS has limitations such 63 
as a ceiling effect and the redundancy of categories due to the rating scale.10 These limitations 64 
are important to consider when assessing patients with mild motor and neurological impairments, 65 
who may not be identified as at risk of falling and therefore less likely to be offered the appropriate 66 
intervention.10 67 
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The Balance Evaluation Systems Test (BESTest) was developed to identify the 68 
components contributing to dysfunctional balance.11 This test has been used to assess balance 69 
in older adults with diabetes.12 However, its clinical feasibility is limited, due to the time required 70 
to complete all 36 items (approximately 20-30 minutes).13 To address these limitations, shortened 71 
versions, the Mini-BESTest and the Brief-BESTest, were developed. The Mini-BESTest includes 72 
important aspects of dynamic balance control, reflecting balance challenges during activities of 73 
daily living (administration takes approximately 15 minutes).14 This test has been shown to be 74 
useful for assessing balance in patients with other chronic health conditions.14,15 In contrast to the 75 
Mini-BESTest, the Brief BESTest contains items that assess all balance systems originally 76 
outlined by the original BESTest.13 The Brief-BESTest requires less administration time 77 
(approximately 10 minutes) and less equipment than the Mini-BESTest, which could favor its 78 
clinical use.13 79 
The use of an excessive number of balance tests has hampered consistent clinical 80 
practice and recently an expert panel recommended that at a minimum, either the BBS or Mini-81 
BESTest, should be used when measuring balance in adult populations.16 Given the specific 82 
clinical characteristics of older adults with T2D and the different balance tests available, it is 83 
crucial that clinicians know which are the most useful and sensitive tests to identify older adults 84 
with T2D at risk of falling. However, to the authors’ knowledge, the utility of the 4 balance tests 85 
described above have not yet been analyzed in this specific population. Therefore, the aim of this 86 
study was to compare the validity and relative ability of the BBS, BESTest, Mini-BESTest and 87 
Brief-BESTest to identify fall status in older adults with T2D. 88 
METHODS 89 
Study Design and Participants 90 
A cross-sectional study with a sample of older adults with T2D was conducted from November 91 
2014 to February 2015 in the central region of Portugal. Participants were recruited from 3 primary 92 
care centers (the first point of health consultation in the National Health Service) and 5 daycare 93 
centers (i.e., centers that offer a range of recreational, cultural, educational, health and social 94 
support services to older adults). Ethical approval was obtained from the Ethics Committee 95 
(238/10-2014). Inclusion criteria were a diagnosis of T2D according to the World Health 96 
Organization criteria,3 age of 60 years or older, and the ability to understand the purpose of the 97 
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study and voluntarily consent to participate. Older adults were excluded if they had severe 98 
musculoskeletal, neurological, cardiovascular or psychiatric disorders; used medications that may 99 
increase the risk of falls; and if they had limited ability to walk and/or severe auditory/visual 100 
impairments. Older adults were identified and screened by the general practitioners of the primary 101 
care/day care centers involved. Researchers then contacted eligible older adults to explain the 102 
purpose of the study and ask about their willingness to participate. When older adults with T2D 103 
agreed to participate, an appointment was scheduled at the primary care center or daycare center 104 
more convenient to the participant. Written informed consent was obtained prior to data collection. 105 
Data Collection Procedures 106 
Two qualified physical therapists, with at least 4 years of experience in working with older adults 107 
with chronic health conditions, performed all the assessments. First, sociodemographic (gender, 108 
age and occupation) and anthropometric (height, weight, body mass index) data were collected. 109 
Second, participants were asked about comorbidities (e.g., hypertension and hyperlipidemia) and 110 
falls history. Patients were provided with a clear definition of falls (“an event when you find yourself 111 
unintentionally on the ground, floor or lower level”)17 and asked about their history of falls using 2 112 
standardized questions (1.“Have you had any falls in the last 12 months?” and, if yes, 2.“How 113 
many times did you fall down in the last 12 months?”).18 The reference to the last 12 months has 114 
been recommended by international guidelines19 and is more commonly used as an outcome 115 
measure.20 Then, the Activities Specific Balance Confidence (ABC) Scale was used to quantify 116 
how confident the participant feels that he or she will not lose balance while performing 16 117 
activities of daily living.21 Participants received explanations about the aim of the ABC scale and 118 
were asked to complete it by themselves. For participants who were unable to read, ABC Scale 119 
was interviewer-administered. 120 
Lastly, the BBS and the BESTest were performed and participants were encouraged to 121 
rest, as needed. To ensure competency in applying the balance tests, prior to the data collection 122 
period, the 2 physical therapists read the testing procedures and practiced administering between 123 
them. Excellent inter-rater reliability (ICC from 0.85 to 0.94) has been previously reported for these 124 
tests.22,23 For each item of the BBS or BESTest, the physical therapist read the standardized 125 
instructions and demonstrated the task. The participant then performed the task with close 126 
supervision. Each task was scored immediately after completion. Mini-BESTest and Brief-127 
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BESTest scores were computed based on the performance of the BESTest tasks. A custom 128 
designed worksheet was used to simultaneously record the BESTest and Mini-BESTest item 129 
scores. Brief-BESTest scores were extracted from the relevant subset of BESTest items. 130 
Measures 131 
The BBS is composed of 14 items that require participants to maintain positions of varying 132 
difficulty and perform specific tasks, such as standing and sitting unsupported, transfers (sit to 133 
stand and stand to sit), turn to look over shoulders, pick up an object from the floor, turn 360° and 134 
place alternate feet on a stool.7 Scoring is based on the participant’s ability to perform the 14 135 
tasks independently and/or meet certain time or distance requirements. Each item was scored on 136 
a 5-point ordinal scale ranging from 0 (unable to perform) to 4 (normal performance), so that the 137 
total score ranged from 0 to 56.7 138 
The BESTest consists of 36 items that evaluate 6 subsystems of balance control: 1) 139 
biomechanical constraints, 2) stability limits/verticality, 3) anticipatory postural adjustments, 4) 140 
postural responses, 5) sensory orientation and 6) gait stability.11 Each item is graded on a 4-point 141 
ordinal scale from 0 (unable to perform) to 3 (normal performance) as judged by time or 142 
performance criteria. Each subsystem category comprises 20% of the total balance score. The 143 
BESTest total score is a sum of all the individual items, with a maximum of 108 (higher scores 144 
indicate better balance).11 145 
The Mini-BESTest is a shortened version of BESTest that includes only 14 of the original 146 
36 items, that focus on dynamic balance, specifically anticipatory transitions, postural responses, 147 
sensory orientation, and dynamic gait.14 Two of the 14 items were assessed bilaterally, but only 148 
the lower score was used for the total score. Although all items of the Mini-BESTest are included 149 
in the BESTest, the grading criteria is different. Each item is scored from 0 (severe balance 150 
limitation) to 2 (no balance limitation) and the maximum possible score is 28 points.14 Higher 151 
scores indicate better balance performance. 152 
The Brief-BESTest is an 8-item revised version of the BESTest designed to improve the 153 
clinical utility and to preserve the construct validity of BESTest.13 Items from each of the BESTest 154 
subsystems were selected to develop the Brief-BESTest based on the highest item correlation 155 
coefficients with each subsystem.13 Each item is scored from 0 (representing severe limitation) to 156 
7 
 
3 points (representing no balance limitation) points.13 With a maximum score of 24 points, higher 157 
scores indicate better balance performance. 158 
Statistical Analyses 159 
Descriptive statistics were used to describe the sociodemographic, anthropometric and clinical 160 
characteristics of the sample and the scores on the BBS, BESTest, Mini-BESTest and Brief-161 
BESTest. Characteristics were compared between participants with and without a history of falls 162 
using independent t-tests for normally distributed data, Mann-Whitney U-tests for non-normally 163 
distributed and Chi-square tests for categorical data. Individuals with a history of falls were defined 164 
as those who reported at least one fall during the past year; individuals without a history of falls 165 
were defined as those who reported no falls during the past year. Spearman’s correlation (rho) 166 
was used to examine the relationship among balance tests (concurrent validity) and between 167 
each balance test and the ABC Scale (convergent validity). 168 
Receiver operating characteristic curves were used to assess the ability of each balance 169 
test to differentiate between participants with and without a history of falls. Area under the curves 170 
(AUC), together with the 95% confidence intervals, were determined and AUC interpreted as 171 
follows: AUC=0.5 no discrimination; 0.7≤AUC<0.8 acceptable discrimination; 0.8≤AUC<0.9 172 
excellent discrimination and AUC≥0.9 outstanding discrimination.24 The AUC is the probability of 173 
correctly identifying an older adult with T2D who has a history of falls in randomly selected pairs 174 
of older adults who have and do not have a history of falling.25 The cutoff for each balance test 175 
was chosen as the point where the sensitivity and specificity were simultaneously maximized. 176 
The positive and negative likelihood ratios (LR+ and LR-) were also computed.26 177 
All statistical analyzes were performed using IBM SPSS Statistics version 20.0 (IBM 178 
Corporation, Armonk, NY, USA) and plots created using GraphPad Prism version 5.01 (GraphPad 179 
Software, Inc., La Jolla, CA, USA). The level of significance considered was 0.05.  180 
RESULTS 181 
Participants’ Characteristics 182 
A total of 80 older adults with T2D were contacted; however, 9 did not want to participate and 5 183 
did not complete the assessment. Therefore, 66 participants (38 females) were enrolled. The 184 
mean age was 75±7.6 years old and the mean body mass index was 29.2±4.4 Kg/m2. Almost all 185 
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participants (90.9%) were retired and 37.9% reported a history of falling. Participants’ 186 
characteristics are presented in Table 1. 187 
(table 1) 188 
Validity 189 
The 4 balance tests were strongly correlated, with Spearman’s correlations coefficients from 0.85 190 
to 0.91 (p<0.001). The ABC scale was significantly correlated with all the balance tests (rho from 191 
0.62 to 0.70; p<0.001) (Figure 1). 192 
(figure 1) 193 
Ability to Identify Fall Status 194 
Table 2 presents the results from the ROC analysis. The AUCs for the 4 balance tests had a 195 
satisfactory performance with values ranging between 0.74 and 0.76, with similar confidence 196 
intervals. Cutoff points were identified: 50.5 points for the BBS (sensitivity=64%; specificity=76%); 197 
81 points for the BESTest (sensitivity=68%; specificity=71%); 20.5 points for the Mini-BESTest 198 
(sensitivity=60%; specificity=71%); and 15.5 points for the Brief-BESTest (sensitivity=67%; 199 
specificity=71%) (Figure 2). The Mini-BESTest had the lower positive likelihood ratio (LR+=2.05) 200 
and the higher negative likelihood ratio (LR-=0.57) (Table 2). 201 
(table 2 and figure 2) 202 
DISCUSSION 203 
To our knowledge, this is the first study to compare the validity and relative ability of BBS, 204 
BESTest, Mini-BESTest and Brief-BESTest to identify fall status in older adults with T2D. This 205 
study showed that the 4 balance tests presented acceptable ability to differentiate between older 206 
adults with T2D with and without a history of falls with similar sensitivity/specificity. 207 
A total of 37.9% of older adults with T2D reported a history of falling. This prevalence is 208 
similar to previous studies (35-41%), where older adults with T2D with equivalent mean ages and 209 
gender ratios were included.8,27,28 In healthy older adults, similar, but slightly lower, prevalences 210 
have been described (12.1-33%).27,29,30 This finding corroborates previous research 211 
demonstrating that older adults with T2D present higher incidence of falls compared to healthy 212 
older people.27,28 213 
The BBS, BESTest, Mini-BESTest and Brief-BESTest have shown to be valid in a variety 
214 
of clinical populations.10,31,32 In older adults with T2D, good concurrent and convergent validity 
215 
9 
 
were also found. All 4 balance tests had an acceptable ability to differentiate between participants 
216 
with and without a history of falls (AUCs>0.70), with similar confidence intervals. The cut-offs 
217 
identified, although specific of older adults with T2D, are within the range of values reported in 
218 
other populations, BBS (48.5-52.515,22,23 points), BESTEST (69-82 points6,22,23), Mini-BESTest 
219 
(19.5-21.56,15,22,23 points) and Brief-BESTest (11-16.56,22,23 points).  Moreover, the cutoff points 
220 
identified demonstrated similar sensitivities (60-68%) and specificities (71-76%) between each 
221 
balance test. Previous studies have found slightly higher sensitivities (64-89%) and specificities 
222 
(65-84%),6,15,22,23 which may be partially related with larger sample sizes included. The cutoff 
223 
points identified can be used by clinicians to detect older adults with T2D at risk of falling and to 
224 
implement preventive interventions. However, when analyzing the likelihood ratios, the Mini-
225 
BESTest was the test with the lower performance. These results are important for clinical practice 
226 
since they suggest that clinicians may more confidently rely on the BBS, BESTest and Brief-
227 
BESTest to identify older adults with T2D at risk of falling. In addition, as these 3 tests have similar 
228 
discrimination ability, the Brief-BESTest may be preferable when time or resources to perform 
229 
balance assessment are limited. At this point in time, however, it is not known whether the 
230 
differences in the ability to identify fall status among balance tests are clinically meaningful. For 
231 
example, neuropathy could make this population more likely to perform poorer in one or more 
232 
domains of the balance tests as compared to other populations with chronic health conditions. 
233 
Future studies could identify the items from BBS and BESTest with highest predictive ability to 
234 
identify fall status in patients with T2D. This would be valuable in the design of tailored 
235 
interventions. Furthermore, as the Brief BESTest is a less time consuming test and has one item 
236 
from each domain, it would be interesting to study if those items adequately identify balance 
237 
impairments in the population with T2D. 
238 
Our study has some limitations. First, this study included only older adults with T2D, so 
239 
findings cannot be generalized for people with T2D at all ages. Future studies may replicate the 
240 
study in larger samples of younger people and report results per age decade. A second limitation 
241 
is that participants were classified with a history of falls in the last year based on self-report, 
242 
however, they may have forgotten or under-reported their falls.33,34 Recent studies used self-
243 
reported falls in the last 6 months,6,35 this approach may be also of interest to use in future 
244 
research. Third, balance tests were administered by the same physical therapists who assessed 
245 
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fall history. This could have influenced the results. In order to maintain blinding with respect to fall 
246 
history, future studies should assess fall history after the administration of balances tests6 or have 
247 
different raters assessing these components. Fourth, BESTest, Mini-BEST and Brief-BESTest 
248 
were scored concurrently based on a single performance.  Considering the length of the BESTest, 
249 
it is possible that inter-item influences may have occurred. Future studies should assess the ability 
250 
to identify fall status of the Mini-BESTest and the Brief-BESTest when performed separately from 
251 
the BESTest. Finally, as this was a cross-sectional study, the ability of the balance tests to identify 
252 
fall status was only possible to be analyzed retrospectively. Longitudinal studies should be 
253 
conducted in order to assess the prospectively ability of these tests in identifying older adults with 
254 
recurrent falls. 
255 
CONCLUSIONS 256 
BBS, BESTest, Mini-BESTest and Brief-BESTest were able to differentiate between older adults 257 
with T2D with and without a history of falls. Cutoff points were identified: 50.5 points for the BBS; 258 
81 points for the BESTest; 20.5 points for the Mini-BESTest; and 15.5 points for the Brief-259 
BESTest. As BBS and BESTest require longer application time and the Mini-BESTest had the 260 
lowest performance, the Brief-BESTest may be an appropriate choice to use in clinical practice 261 
to detect fall risk in patients with T2D. It is believed that these findings will help clinicians to assess 262 
balance in older adults with T2D and will inform on whom to prioritise intervention. 263 
 264 
  265 
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Tables captions 362 
 363 
Table 1. Participants’ characteristics. 364 
Characteristics Total (n=66) Without a 
history of 
falls (n=41) 
With a history 
of falls (n=25) 
p-value 
Female 38 (57.6%) 22 (53.7%) 16 (64%) .451 
Age (years) 75 ± 7.6 72.7 ± 7.1 78.6 ± 6.9 .002 
BMI (Kg/m2)  29.2 ± 4.4 29 ± 4.2 29.7 ± 4.9 .529 
Current occupation     
Retired  60 (90.9%) 36 (87.8%) 23 (92%) .366 
Employed 6 (9.1%) 5 (12.2%) 2 (8%)  
Comorbidities, M[IQR] 2 [1, 3] 2 [1, 2] 1 [1, 3] .892 
ABC scale 74.5 ± 25.2 82.2 ± 18.7 61.9 ± 29.6 .004 
BBS 47.1 ± 10.4 50.8 ± 6.3 40.9 ± 12.9 .001 
BESTest 75.7 ± 18.4 81.2 ± 14.2 66.7± 20.9 .004 
Mini-BESTest 19.6 ± 6.5 21.8 ± 4.9 16.2 ± 7.5 .002 
Brief-BESTest 14.3 ± 6.7 16.5 ± 5.3 10.6 ± 7.2 .001 
Note: values show mean ± standard deviation or n(%) unless otherwise indicated. Abbreviations: 
365 
ABC, Activities specific Balance Confidence Scale; BMI, Body Mass Index; BBS, Berg Balance 
366 
Scale; BESTest, Balance Evaluation Systems Test; M, median; IQR, interquartile range. 
367 
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Table 2. Ability to identify fall status of the Berg Balance Scale (BBS), Balance Evaluation 
369 
Systems Test (BESTest), Mini-BESTest and the Brief-BESTest (n=66). 
370 
Balance test AUC (SEM) 95% CI Cutoff point % Sensitivity / 
% Specificity 
LR+/ LR- 
 
BBS 0.76 (0.06) 0.63→0.88 50.5 64% / 76% 2.62 / 0.48 
BESTest 0.75 (0.06) 0.63→0.87 81 68% / 71% 2.32 / 0.45 
Mini-BESTest 0.75 (0.06) 0.62→0.87 20.5 60% / 71% 2.05 / 0.57 
Brief-BESTest 0.74 (0.07) 0.62→0.87 15.5 67% / 71% 2.28 / 0.47 
Abbreviations: AUC, area under the curve; 95% CI, 95% confidence interval; LR+, positive 371 
likelihood ratio; LR-, negative likelihood ratio; BBS, Berg Balance Scale; BESTest. 372 
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Figure captions 374 
Figure 1. Scatterplots showing the relationship between the Activities-specific Balance 375 
Confidence (ABC) scale and the Berg Balance Scale (BBS), the Balance Evaluation Systems 376 
Test (BESTest), the Mini-BESTest and the Brief-BESTest. 377 
  378 
18 
 
Figure 2. Receiver operator characteristics (ROC) of the Berg Balance Scale, the Balance 379 
Evaluation Systems Test (BESTest), Mini-BESTest and the Brief-BESTest to differentiate 380 
participants with and without a history of falls. 381 
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